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It is well established that suprabasal acantholysis can 
be produced in tissue culture of normal human skin in 
the presence of pemphigus IgG autoantibody. In this 
study bullous pemphigoid, herpes gestationis and linear 
derm~titis herpetiformis anti-basement membrane zone 
antibodies failed to produce dermoepidermal separation 
in a tissue culture model in spite of the presence of 
complement. The binding of the antibodies was demon-
strated by immunofluorescence and immunoelectron mi-
croscopy; ultrastructurally, identical binding sites of 
anti-basement membrane zone antibodies could be dem-
onstrated in vitro, as has been observed in vivo previ-
ously. Tissue culture is a suitable model for studying the 
binding sites of circulating anti-basement membrane 
zone antibodies but the functional activity (blister for-
mation) of these antibodies cannot be assessed thereby. 
Pemphigus autoantibodies have been shown to bind to the 
intercellular area of human epidermis and to produce supra-
basal acantholysis in vitro [1-6], but there are no reports on 
the binding of antibodies directed against the basement mem-
brane zone of human epidermis in tissue culture. The present 
study was performed in order to investigate the behavior of 
circulating antibodies from patients with bullous pemphigoid, 
herpes gestationis and linear dermatitis herpetiformis, under 
different in vitro conditions. 
MATERIALS AND METHODS 
1. Patients Sera 
Sera were taken from untreated patients with clinically, histologically 
and immunopathologically typical bullous pemphigoid, herpes gesta-
tionis and Linear dermatitis herpetiformis [7] at the time of acute 
exacerbations. The sera were divided in aliquots of 1 ml and stored at 
-70°C until used. At the time of experiments anti-basement membrane 
zone antibody titers were determined by indirect immunofluorescence 
(8], using monkey esophagus and normal human skin as substrates 
(antibody titers see the Table) . The complement fixation ability of 
these antibodies was investigated according to Jordon, Sams & Beutner 
(9] and titers are listed in the Table. 
2. Tissue Culture Experiments 
Tissue culture of skin was carried out according to the method 
described previously [10]. Skin slices, 0.5 mm thick, obtained from the 
buttocks of normal healthy volunteers under local anesthesia, were 
washed in medium 199 (Flow Laboratories, Bonn, W.Germany) cut to 
approximately 4 X 4 mm pieces, and placed on lens paper for floating 
on the culture medium. 
Experimental set up 1: Untreated bullous pemphigoid-, herpes ges-
tationis-and linear dermatitis herpetiformis-sera, normal human sera 
and heat inactivated sera (56°C, 30 min) were used as culture media. 
Specimens were grown at 30°C as well as 37°C for 6, 24, 48 and 72 hr, 
were then carefully washed in phosphate buffered saline and subjected 
to routine histology and direct immunofluorescence. 
Normal human buttock skin was preincubated in 0.02% NaNJ for 30 
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min at 37°C, washed in medium 199 and then grown for 6 hr under the 
tissue culture conditions described above. 
Experimental set up 2: Skin specimens were grown in bullous pem-
phigoid, herpes gestationis and linear dermatitis herpetiformis-antibody 
containing sera and in normal human serum for 6 hr (30°C and 37°C). 
All of the specimens were then allowed to grow in fresh normal human 
serum (as a source of complement) which was changed at 6 hourly 
intervals. Routine histology and direct immunofluorescence was per-
formed 24, 48 and 72 hr thereafter. 
3. Direct Immunofluorescence 
Specimens were frozen in liquid nitrogen, stored at -70°C for not 
longer than 48 hr, cut into 5 f.Lm sections in a Cryocut and processed for 
direct immunofluorescence according to established methods [8]. All 
experiments were performed in triplicate. 
4. Immunoelectron Microscopy 
For ultrastructural demonstration of in vitro fixed antibodies skin 
was treated with heat inactivated (56°C, 30 min) bullous pemphigoid-
herpes gestationis-and linear dermatitis herpetiformis-sera for 6 hr at 
37° under tissue culture conditions. Thereafter skin specimens were cut 
into strips, measuring about 1 X 1 X 5 mm, rinsed in phosphate buffered 
saline for 30 min, embedded in agar and chopped to 50 f.Lm sections 
using a Smith and Farquhar tissue chopper. The chopped sections were 
processed for the horseradish peroxidase-anti-horseradish peroxidase 
multistep technique as described previously [11]. 
Controls for the direct immunofluorescence and immunoelectron 
microscopy procedures were identical to those performed in previous 
studies [7, 11, 12]. 
5. Conjugates, Antisera and Cytochemical Reagents 
For both direct immunofluorescence and immunoelectron micros-
copy commercially available conjugates (Hyland Laboratories, Costa 
Mesa, CA, USA) were used. (Goat anti-human IgG, specific antibody 
concentration (sABc)=2,0 mg/ rnl, final .concentration (fc)= 
approximately 100 }lg/ ml; goat anti-human IgA, sABc = 2,0 mg/ rnl, fc 
= approximately 100 f.Lg/ml; goat anti-human C:i, sABc ·;;, 1,8 mg/ rnl, fc 
= approximately 90 f.Lg/ ml). Details of the antisera and cytochemical 
reagents used in the horseradish peroxidase-anti-horseradish peroxi-
dase method are described elsewhere [11]. 
RESULTS 
1. Histology 
In general, there was no morphologic difference between 
specimens grown at 30°C up to 24 hr. The 48 hr and 72 hr 
specimens held at 37°C, exhibited considerably more damage 
of epidermal cells and a higher degree of epidermal cornification 
when compared to specimens grown at.30°C. 
In none of the specimens treated with the various antibody 
containing sera or normal sera under the different experimental 
conditions employed, dermo-epidermal separation was ob-
served. 
2. Immunofluorescence 
In each of the experimental set ups, a distinct linear fluores-
cent band was observed along the basement membrane zone in 
skin explants grown in bullous pemphigoid (Fig 1), herpes 
gestationis (Fig 2), (treated with goat anti-human lgG), and 
linear dermatitis herpetiformis sera (treated with goat anti-
human IgA) (Fig 3). Heat inactivation or complement supple-
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Antibasement membrane zone antibodies 
Indirect IF 
Ig- C-Normal fixation Class Monkey human titer esophagus skin 
Bullous pemphigoid lgG 1/640 1/160 1/8 
case 1 
Bullous pemphigoid lgG 1/640 1/ 160 1/4 
case 2 
Herpes gestationis lgG l /8 1/16 1/16 
Linear dermatitis lgA l/160 1/160 0 
herpetiformis 
mentation had no effect on these fmdings. Pretreatment of skin 
in vitro with NaNa had no effect on the binding of antibodies. 
Immunofluorescence was intense after incubation with linear 
dermatitis herpetiformis- and bullous pemphigoid-sera, 
whereas incubation in herpes gestationis-serum resulted in only 
weak fluorescent staining. In each of the antibody containing 
sera used, the intensity of fluorescence was most pronounced in 
the 6 and 24 hr preparations and decreased after longer incu-
bation. Binding of complement under tissue culture conditions, 
using goat anti-human C3-conjugate, was observed as a linear 
fluorescent band in specimens, treated with bullous pemphi-
goid- and herpes gestationis-sera (experimental set up 2.) Spec-
imens grown in normal human sera did not show basement 
membrane zone-fluorescence at all. 
3. Immunoelectron Microscopy 
The general architecture of the cells and the ultrastructural 
details of the basement membrane zone were well preserved 
and thus permitted exact interpretation (see Fig 4-6). 
Due to the tissue culture procedure and the immunological 
incubation chain the general preservation of the skin was below 
the standards usually met in our laboratory utilizing routine 
fvcation methods for electron microscopy [13]. 
Bullous pemphigoid: D ue to its electron density, the granular 
reaction product indicating IgG deposition was easily identified. 
It was present in a bandlike pattern strictly confined to the 
basement membrane zone (Fig 4A). The epidermal keratino-
cytes, the intercellular spaces and the uppermost parts of the 
dermis were ·completely ·free of reaction product. At higher 
magnifications (Fig 4B) the deposits were seen covering the 
basal part of the cytomembrane of the keratinocytes and also 
within the ehtire lamina Iucida. The lamina densa was only 
slightly accentuated by sparse, fine, granular reaction product; 
the anchoring fibrils exhibited weak deposits. 
Herpes gestationis: The reaction product was seen in a 
bandlike pattern confmed to the basement membrane zone (Fig 
5A). At higher magnifications (Fig 5B) the IgG deposits were 
localized along the basal part of the cytomembrane of the 
keratinocytes in a distinct linear pattern. The lower part of the 
lamina Iucida, adjacent to the lamina densa, was almost com-
pletely free so that the anchoring fllaments that transverse this 
area could still be identified. Pinocytotic vesicles forming along 
the membrane of the keratinocytes were devoid of reaction 
product. No deposits were seen in the lamina densa and in the 
uppermost part of the dermis except on a few anchoring fibrils, 
the periodicity of which appeared accentuated. 
Linear dermatitis herpetiformis: The reaction product fol-
lowed the course of the lamina densa (Fig 6A) ; at a higher 
magnification it was seen to be confined to the uppermost strata 
of the dermis immediately below the lamina densa. The lgA 
deposits formed small irregular aggregates with some tendency 
to accumulate on and around the anchoring fibrils and between 
the uppermost collagen fibers (see Fig 6B). The lamina densa, 
the lamina lucida and the cytomembrane of the keratinocytes 
were devoid of reaction product. 
Controls: Control specimens were completely free of reaction 
product and there was no reaction product visible when goat 
anti human C3 conjugate was used. 
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Frc 1-3. Tissue culture of normal human skin. Incubation in undi-
luted sera for 6 hr (30°C). Linear fluorescent band along the basement 
membrane zone in: 1, Bullous pemphigoid; goat anti-human lgG . 2, 
Herpes gestationis; goat anti-human IgG. 3, Linear dermatitis herpeti-
formis; goat anti-human lgA. 
DISCUSSION 
It has been shown previously that explants of normal human 
skin grown in sera containing pemphigus antibody in vitro, 
develop changes identical to those seen in pemphigus lesions in 
vivo [1-6]. The present study demonstrates that (i) antibodies 
derived from bullous pemphigoid, herpes gestationis and linear 
dermatitis herpetiformis become fixed to the basement mem-
brane zone in tissue culture, (ii) under in vitro conditions, such 
antibodies bind, ultrastructurally, to identical sites as observed 
in vivo [7, 11, 13, 15, 16] and (iii) in contrast to the in vivo 
situation, anti-basement membrane zone antibodies do not lead 
to dermoepidermal separation under the in vitro conditions 
employed in this study. 
The linear fluorescent pattern observed after treatment of 
normal skin with various anti-basement membrane zone anti-
bodies in vitro, was not different from that found in diseased 
skin in vivo. The intensity of fluorescence of linear basement 
membrane zone deposits depended on both the titers of the 
anti-basement membrane zone antibodies and the incubation 
periods. Both bullous pemphigoid (titer 640), and linear der-
matitis herpetiformis (titer 160) anti-basement membrane zone 
antibodies, revealed strong fluorescent staining, whereas herpe 
gestationis antibodies (titer 16), produced weak fluorescence. 
The decrease in the intensity of fluorescence observed after 
more than 24 hr of incubation might be due to degenerative 
processes at the dermo-epidermal junction under the tissue 
culture conditions. 
FIG 4-6. Tissue culture of normal human skin. Incubation in undiluted, heat inactivated sera for 6 hr (37°C). Immunoelectron microscopy. 
FIG 4. Bullous pemphigoid. Goat anti-human IgG. A, Reaction product in band-like pattern within the lamina Iucida (X 23,800). B, At higher 
magnification the deposits are seen in the entire lamina Iucida. The lamina densa exhibits only sparse, fine , granular reaction product (X 75,600). 
FIG 5. Herpes gestationis. Goat anti-human lgG. A, Reaction product in a distinct linear pattern within the lamina Iucida (X 18,000) . Circles: 
anchoring fibrils. B, The basal cytomembrane of the keratinocyte is covered by reaction product. All other structures are devoid of deposits 
except the anchoring fibrils (AF) that appear slightly accentuated (X 75,600). 
FIG 6. Linear dermatitis herpetiformis. Goat anti-human lgA. A, The reaction product is present below the lamina densa (X 23,800). B, lgA 
deposits as irregular aggregates between the upper-most dermal collagen fibers (X 75,600). E: epidermis, D: dermis, LD: lamina densa, arrows: 
reaction product. 
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In order to increase the preservation of antigenic binding 
sites along the cytomembranes of basal cells, skin specimens 
were treated with NaN3 prior to the antibody exposure. As 
assessed by direct immunofluorescence, this pretreatment had 
no effect on the in vitro binding of the antibodies. 
In bullous pemphigoid, herpes gestationis and linear derma-
titis herpetiformis, deposition of complement at the basement 
membrane zone has been demonstrated in almost all skin 
lesions examined in vivo, including cases without detectable 
circulating antibodies. In vitro, (as examined by indirect im-
munofluorescence), complement is bound to the basement 
membrane zone by bullous pemphigoid and herpes gestationis-
antibodies [17,18], whereas this was not observed using anti-
bodies derived from patients with linear dermatitis herpeti-
formis (see the Table Katz SI, personal communication 1979). 
This has also been demonstrated in the present study under 
tissue culture conditions provided that the specimens are ex-
posed to complement continuously (using fresh human serum) 
(experimental set up 2). 
The failure to produce specific derma-epidermal separation 
in vitro might be due to (i) the relatively short exposure of skin 
to the antibodies in vitro (due to the short incubation periods, 
which can be employed in tissue culture), (ii) due to the possible 
requirement of certain factors to fully reflect the in vivo situa-
tion (e.g. the presence of leucocytes, mechanophysical factors 
etc.), .(iii) due to the possibility that antibodies in fact have no 
pathogenic relevance in these disorders (19]. 
In previous experiments it was shown that differences exist 
in the ultrastructural localization of in vivo bound Ig in bullous 
pemphigoid, herpes gestationis and linear dermatitis herpeti-
formis [7, 11, 12, 14-16]; this fact is demonstrated by the present 
study. By imrnunoelectron microscopy, bullous pemphigoid and 
herpes gestationis IgG anti-basement membrane zone anti-
bodies were found exclusively above the basal lamina and only 
few differences seem to exist in the localization of these anti-
bodies. Bullous pemphigoid antibodies are bound to the basal 
parts of the cytomembrane of the keratinocytes and within the 
entire lamina lucida; in herpes gestationis the lower part of the 
lamina lucida is completely free of reaction product. For con-
trast, (IgA) linear dermatitis herpetiformis antibodies are exclu-
sively found below the basal lamina in the area of the anchoring 
fibrils. (Although a single observation of IgA deposits within 
the lamina lucida has been reported in linear dermatitis herpet-
iformis) [20]. Thus the in vitro deposition of the anti-basement 
membrane zone antibodies is identical to the in vivo situation. 
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Announcement 
The Eastern Regional Meeting of the Society of Investigative Dermatology will be held on April 27, 
1980 at the Fairmont Hotel in Philadelphia, in conjunction with the Atlantic Dermatological Conference. 
Abstracts are due on March 1, 1980 and should be submitted to Dr. Peter Pochi, Department of 
Dermatology, School of Medicine, Boston University, Boston, MA 02ll8. 
